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ABSTRACT 


Tests  were  conducted  to  determine  the  effects  of  a  ribbed  wall  on 
the  efficiency  of  a  single  side  expanded,  wide  angle,  subsonic  diffuser. 
Rib  geometry,  diffuser  angle,  Reynolds  number,  and  Mach  number 
were  varied.  Except  at  low  Reynolds  numbers,  ribs  were  found  to 
improve  the  efficiency  of  the  diffuser.  They  were  also  more  effective 
than  vortex  generators  except  at  low  Reynolds  numbers  for  all  Mach 
numbers  and  at  high  Mach  numbers  for  all  Reynolds  numbers.  The 
ribs  produced  maximum  improvement  at  diffuser  angles  of  20  to  22  deg. 
The  data  indicated  that  the  depth-to-width  ratio  of  the  grooves  between 
the  ribs  should  be  in  the  range  of  2  to  6.  The  range  of  Reynolds  num¬ 
bers  and  Mach  numbers  over  which  the  ribs  were  effective  appeared  to 
be  primarily  a  function  of  the  groove  width. 
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SECTION  I 
INTRODUCTION 


Recent  Union  of  Soviet  Socialist  Republics  (U.S.S.R. )  research  in 
subsonic  diffuser  design  (Ref.  1)  indicates  that  the  efficiency  of  a  wide 
angle  subsonic  diffuser  can  be  increased  at  high  Reynolds  numbers  by 
cutting  transverse  ribs  in  the  wall  of  the  diffuser  downstream  of  the 
diffuser  entrance.  Reference  1  consists  of  limited  excerpts  of  reports 
of  the  research  conducted  in  the  U.S.S.R.  on  ribbed  diffusers.  The 
available  excerpts  are  incomplete,  and  related  U.S.S.R.  reports,  if 
any,  are  unavailable.  Some  of  the  highlights  of  the  excerpts  are  pre¬ 
sented  here;  however,  it  should  be  noted  that  the  translations  are  not 
clear  on  many  points. 

Several  tests  were  conducted  in  the  U.S.S.R.  with  various  types  of 
diffusers.  The  information  given  in  the  excerpts  describing  the  test 
article  and  test  conditions  is  tabulated  in  Table  I. 

Test  1  showed  that  transverse  ribs  increased  diffuser  efficiency  by 
a  factor  of  2  above  a  critical  Reynolds  number  of  about  9  x  10^.  Below 
Re  =  9  x  10^,  efficiency  decreased  with  decreasing  Reynolds  number  to 
some  minimum  Reynolds  number  below  which  the  effect  of  ribs  was 
negligible. 

Test  2  showed  that  increasing  the  number  of  ribs  above  eight  did 
not  further  increase  the  diffuser  efficiency. 

In  Test  3,  the  ribs  again  increased  the  efficiency  by  a  factor  of  2; 
however,  the  results  were  not  affected  by  Reynolds  number.  Also  the 
ribbed  diffusers  exhibited  a  more  uniform  flow  field  at  the  diffuser  exit. 
In  addition,  two  other  significant  observations  were  made  in  Test  3: 

1)  The  ribs  were  not  effective  unless  the  position  of  the  first  groove 
was  upstream  of  the  flow  separation  point  for  the  smooth  diffuser; 

2)  The  ribs  must  be  flush  with  the  surface  of  the  diffuser;  ribs  pro¬ 
truding  into  the  flow  field  increased  the  intensity  of  flow  separation  and 
decreased  the  efficiency. 

Test  4  indicated  that  a  ribbed  diffuser  with  /3  =  31  deg  experienced 
a  minimum  in  efficiency  at  inlet  velocities  of  50  to  60  m/sec.  This  was 
attributed  to  the  possible  emission  of  acoustic  waves  from  the  grooves. 
The  acoustic  waves  were  caused  by  resonance  which  occurred  when  the 
frequency  of  vortex  decay  at  the  "end"  of  a  rib  coincided  with  the  natural 
frequency  of  air  vibration  inside  the  groove.  Maximum  increase  in 
efficiency  occurred  at  =  40  to  45  deg.  For  these  angles,  the  efficiency 
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was  2.  2  to  2.  4  times  that  of  the  smooth  diffusers.  At  large  opening 
angles  (J3  ®  60  deg)  the  flow  was  separated  at  the  diffuser  inlet  rim  and 
did  not  interact  with  the  ribs.  Inlet  rims  were  made  with  different 
curvature  radii,  and  the  position  of  the  first  groove  was  varied  up  to 
a  point  at  which  it  was  located  at  the  inlet  rim.  However,  in  all  in¬ 
stances  for  /3  ~  6 0  deg,  the  efficiency  was  no  greater  than  that  of  the 
smooth  diffuser.  With  decreasing  /3  (j3  <  40  to  50  deg),  the  intensity  of 
flow  separation  in  the  smooth  diffuser  decreased,  and  consequently, 
the  favorable  effect  of  ribs  decreased.  At  0  ~  20  deg,  the  ribs  had 
practically  no  effect  on  efficiency.  Ribs  in  annular  diffusers  gave  a 
slightly  smaller  increase  in  efficiency  than  in  conical  diffusers.  A 
ribbed  diffuser  with  0  =  40  deg  gave  efficiencies  equivalent  to  a  20-deg 
smooth  diffuser.  Based  on  results  of  tests  1,  2,  and  4  on  conical  dif¬ 
fusers,  it  was  concluded  that  within  the  range  of  parameters  studied, 
changing  the  scale  of  the  diffuser  and  rib  section  had  no  effect  on  the 
efficiency. 

Test  5  was  conducted  on  a  flat  diffuser  with  one-sided  expansion 
to  study  the  effects  of  groove  depth  (a),  groove  width  (b),  and  number 
of  ribs.  The  results  of  this  study  are  presented  in  Fig.  1.  The  author 
concluded  that  to  obtain  a  favorable  effect  of  ribs,  the  grooves  should 
be  sufficiently  deep  so  that  stable  vortices  are  formed.  This  occurred 
for  a  depth -to -width  ratio,  a/b,  of  2.  0  to  2.  5,  and  the  diffuser  effi- 
ciency  didjnot  increase  with  further  increase  in  depth.  Pressure  dis¬ 
tributions  between  ribs  along  the  height  of  the  rib  showed  that  a  pres¬ 
sure  minimum  existed  in  the  grooves  and  gave  evidence  of  strong 
vortex  formation  in  the  inter-rib  spaces.  Practically  no  difference  in 
diffuser  efficiency  was  observed  for  groove  widths  of  1  to  5  mm.  The 
favorable  effect  of  ribs  decreased  for  groove  widths  greater  than  5  mm 
which  apparently  was  caused  by  the  increased  resistance  to  the  flow 
over  such  a  rib  system.  A  relatively  small  number  of  ribs  was  re¬ 
quired  for  obtaining  the  desired  effect. 

A  preliminary  investigation  conducted  at  AEDC  on  a  40 -deg  conical 
diffuser  with  and  without  ribs  verified  that  ribs  do  increase  diffuser 
efficiency.  However,  this  investigation  was  limited  in  Mach  number 
and  Reynolds  number  range,  and  the  rib  parameters  were  not  varied. 
Therefore,  a  research  test  was  conducted  in  the  Propulsion  Wind  Tun¬ 
nel  Facility  (PWT)  in  an  attempt  to  investigate  the  mechanism  by  which 
ribs  cause  an  increase  in  diffuser  efficiency  and  to  establish  optimum 
rib  parameters  over  a  wide  range  of  subsonic  Mach  number,  Reynolds 
number,  and  diffuser  opening  angle.  Also,  a  limited  amount  of  data 
was  obtained  with  vortex  generators  to  compare  the  increase  in  diffuser 
efficiency  with  diffusers  using  transverse  ribs. 
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SECTION  II 
APPARATUS 


2.1  TEST  FACILITY 

This  investigation  was  conducted  in  the  Aerodynamic  Wind  Tunnel, 
Supersonic  (IS).  This  wind  tunnel  is  an  open-circuit,  continuous  flow 
wind  tunnel  capable  of  operation  at  Mach  numbers  from  1.5  to  5.0. 

For  this  test,  the  test  section,  diffuser,  and  nozzle  side  plates  were 
removed,  and  a  liner  was  installed  in  the  nozzle.  This  converted  the 
tunnel  to  a  subsonic  test  cell  capable  of  operation  at  Mach  numbers 
from  0.  06  to  0.  80  and  at  stagnation  pressures  from  200  to  5500  psf. 

A  schematic  of  the  tunnel  test  section  showing  the  test  unit  installation 
is  presented  in  Fig.  2.  Further  details  of  the  facility  can  be  found  in 
Ref,  2, 

2.2  TEST  ARTICLE 

The  test  unit  (Fig.  3a)  consisted  of  a  bellmouth  connected  to  a 
4 -in.  square  duct  44  in.  long.  A  diffuser  with  one  side  expanded  and 
with  interchangeable  flap  and  rib  inserts  was  attached  to  the  duct.  The 
length  of  the  test  unit  was  dictated  by  the  test  cell.  Each  side  of  the 
diffuser  was  made  of  clear  plastic  with  inserts  of  optically  flat  glass 
at  the  rib  location  to  permit  the  use  of  the  schlieren  system  to  observe 
the  flow  over  the  ribs.  The  remainder  of  the  test  unit  was  constructed 
of  aluminum.  The  rib  inserts  had  groove  depths  (a)  of  0.  30,  0.  40,  and 
0.  50  in,,  and  groove  widths  (b)  of  0.  08,  0.  16,  and  0.  24  in.  which  gave 
values  of  a/b  from  1.  25  to  6.  25.  The  vortex  generators  were  designed 
in  accordance  with  data  from  Ref.  3  and  had  NACA  0012  airfoil  sections. 
Each  vortex  generator  was  mounted  at  an  angle  of  attack  of  15  deg. 
Further  details  of  the  vortex  generators  are  shown  in  Fig.  3b. 

2.3  INSTRUMENTATION 

Static  and  total  pressures  were  measured  with  a  100-tube,  120-in., 
water-filled  manometer  board  and  were  recorded  photographically. 

Each  tube  of  the  manometer  board  was  connected  to  two  orifices 
through  a  two-way  switching  valve  to  allow  200  pressures  to  be  meas¬ 
ured. 

Seven  static  pressure  orifices  located  in  the  side  wall  of  the  dif¬ 
fuser  at  the  exit  plane  were  manifolded  together  to  obtain  an  average 
exit  plane  static  pressure.  A  1-psi  differential  pressure  transducer 
was  connected  between  the  exit  plane  static  pressure  manifold  and  an 
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orifice  located  28  in.  upstream  of  the  diffuser  inlet  to  measure  the 
static  pressure  rise  through  the  diffuser. 

Fluctuating  pressures  were  measured  with  three  close-coupled, 
high  response  transducers  and  a  microphone.  The  transducers  had  a 
flat  response  from  dc  to  1250  cps,  and  the  microphone  had  a  flat 
response  from  30  cps  to  100  kc.  Two  of  the  transducers  were  located 
on  the  bottom  of  the  ribbed  insert  with  orifices  in  the  bottoms  of 
grooves  3  and  9  and  were  referenced  to  orifices  on  top  of  ribs  3  and  9. 
The  third  transducer  was  installed  in  the  exit  plane  and  was  referenced 
to  the  exit  plane  manifold.  Reference  lead  lengths  of  approximately 
1  ft  were  selected  to  dampen  any  fluctuations  in  the  reference  pressure. 
The  microphone  was  located  in  the  diffuser  side  wall  at  the  exit  plane 
as  shown  in  Fig.  4b.  The  outputs  of  the  transducers  and  the  micro¬ 
phone  were  monitored  on  an  oscilloscope  and  were  recorded  on  a 
direct  reading  oscillograph. 

Total  and  static  pressures  at  the  diffuser  inlet  were  measured 
with  a  retractable,  traversing  pitot-static  probe.  The  probe  was  sup¬ 
ported  approximately  16  in.  downstream  of  the  diffuser  exit  and  was 
designed  for  minimum  thickness  to  reduce  probe  interference  to  the 
diffuser  flow. 

For  the  flow  visualization  part  of  the  investigation,  heated  wires 
were  installed  in  the  diffuser  inlet  and  on  the  traversing  probe  to  allow 
the  flow  over  the  ribs  to  be  observed  with  the  schlieren  system.  The 
resulting  flow  patterns  were  recorded  on  color  and  black  and  white 
motion  pictures  and  photographs. 

Test  conditions  were  set  with  reference  to  conditions  28  in.  up¬ 
stream  of  the  diffuser  inlet  using  a  100-in.  mercury  electromanometer 
to  measure  total  pressure  and  an  80-in.  mercury  electromanometer  to 
measure  static  pressure. 


SECTION  III 
TEST  DESCRIPTION 

3.1  TEST  CONDITIONS  AND  PROCEDURES 

Pressure  data  were  obtained  for  each  configuration  at  Mach  num¬ 
bers  from  0.  06  to  0.  70  at  Reynolds  numbers  from  10^  to  1.6  x  10^.  The 
stagnation  pressure  varied  from  200  to  5500  psf,  and  the  stagnation  tem¬ 
perature  varied  from  80  to  130°F.  Up  to  =  0.  30,  maximum  Reynolds 
numbers  were  limited  by  the  available  air  supply  pressure  of  5500  psf. 
Above  M,,,  =  0.  30,  the  maximum  Reynolds  numbers  were  limited  by  the 
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maximum  allowable  differential  pressure  on  the  manometer  board  and 
the  pressure  transducers.  Minimum  Reynolds  numbers  were  limited  by 
the  accuracy  with  which  Mach  number  could  be  set  and  by  test  cell  leaks 
below  200  psf.  The  resulting  Reynolds  number  variation  with  Mach 
number  is  presented  in  Fig.  5. 

3.2  PRECISION  OF  MEASUREMENTS 


The  es 
follows : 

timated  precision  of  the  data  obtained  during 

Mach  Number 

this  test  is  as 

Re  x  10-5 

Mffl  =  0.  06 

M^  =  0.  15 

M^  =  0.  30 

Mm  =  0.  70 

1 

±0. 003 

±0.  004 

±0.  004 

±0.  005 

o 

O 

±0. 001 

±0.  002 

±0.  002 

±0.  002 

5 

- 

±0.  001 

±0.  001 

±0.  001 

7 

- 

±0.  001 

±0. 001 

- 

10 

±0.001 

Pressure  Efficiency 

Re  x  10-5 

M^  =  0.  06 

M.  =  0.  15 

M^  =  0.  30 

M^  =  0.  70 

1 

±0.  06 

±0.  02 

±0.  009 

- 

3 

±0.  02 

±0.  01 

±0.  005 

±0.  001 

5 

- 

±0.  01 

±0.  004 

±0.  001 

7 

- 

±0.01 

±0.  003 

- 

10 

- 

- 

±0.  001 

- 

The  uncertainties  quoted  in  the  tables  were  determined  by  a 
statistical  method  based  on  a  95 -percent  confidence  level  and  a  normal 
error  distribution  (Ref.  4). 


SECTION  IV 
RESULTS 


The  results  presented  in  Ref.  1  for  a  flat  diffuser  model  with  one 
side  expanded  are  summarized  in  Fig.  1.  The  range  of  groove  depth, 
groove  width,  and  number  of  ribs  tested  during  the  PWT  investigation 
are  indicated  on  Fig.  1  for  comparison.  Reference  1  gave  no  informa¬ 
tion  pertaining  to  the  Mach  numbers  and  Reynolds  numbers  at  which 
these  tests  were  conducted. 
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During  the  test  reported  herein,  the  duct  Mach  number  was  set 
using  a  static  pressure  measured  at  a  reference  station  28  in.  upstream 
of  the  diffuser  inlet.  The  pressure  efficiency  is  defined  as  the  static 
pressure  rise  between  the  reference  duct  station  and  the  exit  plane  of 
the  diffuser,  divided  by  the  theoretical  one -dimensional  pressure  rise 
through  the  diffuser. 

The  variations  of  pressure  efficiency  with  Reynolds  number  and 
Mach  number  are  presented  in  Figs.  6,  7,  and  8,  respectively,  for 
diffuser  opening  angles  of  16,  20,  and  22  deg.  Data  obtained  with  a 
24-deg  ribbed  diffuser  showed  that  the  ribs  had  no  effect  on  diffuser 
efficiency  because  the  flow  was  always  separated  at  the  diffuser  inlet. 
Therefore,  results  for  the  24-deg  diffuser  are  not  presented.  In 
general,  all  other  ribbed  diffusers  tested  exhibited  a  higher  pressure 
efficiency  than  the  corresponding  smooth  diffuser  for  a  particular  Mach 
number  and  Reynolds  number  range,  depending  on  rib  geometry.  For 
all  rib  geometries,  none  of  the  ribbed  diffusers  exhibited  an  increase 
in  efficiency  at  Reynolds  numbers  equal  to  or  less  than  that  where  the 
smooth  diffuser  exhibited  complete  separation.  This  appears  to  agree 
with  the  Ref.  1  observation  that  the  ribs  are  effective  only  when  the 
separation  is  downstream  of  the  first  groove. 

In  all  instances,  for  Mach  numbers  less  than  about  0.  4,  the  ribbed 
diffusers  exhibited  a  small  range  of  Reynolds  numbers  in  which  diffuser 
efficiency  sharply  increased  to  a  maximum.  For  Mach  numbers 
greater  than  0.  4  (Figs.  6,  7,  and  8)  the  increase  in  diffuser  efficiency 
with  Reynolds  number  was  much  less,  and  in  some  cases  for  Mach 
number  above  0.  4,  the  smooth  diffuser  became  more  efficient  than  the 
ribbed  diffuser. 

The  variations  of  pressure  efficiency  with  the  ratio  of  groove  depth 
to  groove  width  (a/b)  for  the  20-deg  diffuser  at  Mach  numbers  0.  06  to 
0.  50  and  high  Reynolds  number  are  presented  in  Fig.  9.  For  Mach 
numbers  up  to  0.  30,  the  data  indicate  that  the  efficiency  increased  with 
increasing  groove  width  and  possibly  with  increasing  groove  depth; 
however,  the  change  was  small.  Therefore,  it  is  concluded  that  the 
ratio  a/b  is  not  critical  as  long  as  a/b  >  2.  Based  on  extrapolation  of 
these  results,  it  appears  that  an  optimum  rib  configuration  for  the  flat 
diffuser  with  one  side  expanded  would  have  been  a  groove  width  of 
0.  25  in.  and  an  a/b  of  about  5.  For  any  diffuser  configuration  appre¬ 
ciably  different  from  those  investigated  in  this  experiment,  the  optimum 
value  of  the  parameter,  b,  should  be  determined  experimentally  and 
the  groove  depth  chosen  for  maximum  a/b  up  to  about  6. 

For  comparison  purposes,  a  limited  amount  of  tests  was  conducted 
using  vortex  generators  in  the  20-  and  22-deg  diffusers.  The  results  of 
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these  tests  are  presented  in  Fig.  10.  The  effects  of  size  and  location 
of  the  vortex  generators  were  investigated  in  the  22-deg  diffuser. 

Vortex  generator  configuration  2  exhibited  the  greatest  efficiency  in 
the  22-deg  diffuser,  and  this  configuration  was  then  tested  in  the  20-deg 
diffuser.  In  general,  the  vortex  generators  caused  an  increase  in  effi¬ 
ciency  at  Reynolds  numbers  below  those  at  which  the  ribbed  diffuser 
first  became  effective,  but  the  vortex  generators  did  not  increase  the 
efficiency  as  much  as  the  ribbed  diffuser  at  the  higher  Reynolds  num¬ 
bers.  The  vortex  generators  exhibited  a  gradual  decrease  in  efficiency 
with  increasing  Mach  number  and  a  gradual  increase  in  efficiency  with 
increasing  Reynolds  number,  as  did  the  smooth  diffusers;  whereas  the 
ribbed  diffusers  correspondingly  exhibited  an  abrupt  decrease  to  zero 
efficiency  at  some  Mach  number  between  0.  3  to  0.  6,  and  a  relatively 
constant  efficiency  with  increasing  Reynolds  number. 

The  variation  of  diffuser  efficiency  with  diffuser  angle  is  presented 
in  Fig.  11  for  the  smooth  diffuser,  the  diffuser  with  vortex  generators, 
and  the  diffuser  with  ribs  3  and  8  at  M^  =  0.  06,  0.  15,  0.  30,  and  0.  50. 

The  variations  of  0Vg/bs  and  hr/hs  with  diffuser  angle  are  presented  in 
Fig.  12  for  comparison  purposes.  As  mentioned  earlier,  the  24-deg 
diffuser  remained  completely  separated  for  all  rib  configurations,  Mach 
numbers,  and  Reynolds  numbers.  Therefore,  the  curves  in  Fig.  11  for 
ribs  3  and  8  are  extrapolated  to  zero  efficiency  between  0  =  22  and 
24  deg  when  the  efficiency  did  not  become  zero  before  0  =  22  deg.  Com¬ 
parisons  of  the  data  obtained  with  the  smooth  diffuser  with  that  of  the 
ribbed  diffuser  indicate  that  the  ribs  increased  the  efficiency  consider¬ 
ably  for  diffuser  angles  in  the  range  of  20  to  22  deg  at  high  Reynolds 
numbers.  For  the  16-deg  diffuser,  the  smaller  groove  width  (rib  3) 
caused  a  slight  increase  in  efficiency,  whereas  the  larger  groove  width 
had  only  small  effects  on  efficiency.  Reference  1  explains  this  as  a 
decrease  in  the  intensity  or  extent  of  flow  separation  in  a  smooth  dif¬ 
fuser  with  decreasing  diffuser  opening  angle.  Therefore,  by  the  argu¬ 
ment  of  Ref.  1,  at  0  =  16  deg,  the  losses  caused  by  small-scale  separa¬ 
tion  and  by  flow  over  the  ribs  become  equal  to  the  losses  caused  by  the 
large-scale  separation,  and  the  ribs  have  practically  no  effect  on  effi¬ 
ciency.  The  practical  use  of  ribbed  diffusers  would  appear  to  be 
limited  to  angles  of  roughly  0  =  18  to  22  deg  where  a  maximum  increase 
in  efficiency  is  prevalent.  In  this  range,  the  ribbed  diffuser  exhibited 
increases  in  efficiency  greater  than  a  factor  of  2.  The  diffuser  with 
vortex  generators  did  not  exhibit  as  high  an  increase  in  efficiency  as 
the  ribbed  diffuser  at  high  Reynolds  numbers.  However,  the  diffuser 
with  vortex  generators  exhibited  higher  efficiencies  at  the  lower  Reynolds 
numbers,  where  the  ribbed  diffuser  was  ineffective. 

Several  attempts  were  made  to  study  the  mechanism  by  which 
transverse  ribs  cause  an  increase  in  diffuser  efficiency.  From  visual 
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observation  using  the  schlieren  system  in  conjunction  with  heated  wires, 
the  flow  over  the  ribbed  section  was  observed  to  be  either  attached  to 
the  expanded  wall  over  the  entire  length  of  the  ribbed  section  or  sep¬ 
arated  at  the  inlet  of  the  diffuser.  At  very  low  Reynolds  numbers,  the 
flow  was  separated  for  the  diffusers  with  9  -  20  and  22  deg.  As  the 
Reynolds  number  was  increased,  a  point  was  reached  at  which  the  flow 
would  occasionally  attach  to  the  expanded  wall  for  a  short  period  of 
time.  As  the  Reynolds  number  was  further  increased,  the  flow  would 
remain  attached  for  longer  periods  of  time  until  the  Reynolds  number 
became  high  enough  for  the  flow  to  remain  permanently  attached  to  the 
expanded  wall. 

Reference  1  was  somewhat  vague  as  to  the  details  of  the  vortex 
system.  It  is  well  known  that  a  vortex  will  form  in  a  slot  or  groove 
when  tlow  is  established  over  the  surface  (Ref.  5).  The  schlieren  sys¬ 
tem  was  used  in  an  effort  to  investigate  the  vortex  system;  however, 
no  evidence  of  a  vortex  system  in  the  vicinity  of  transverse  ribs  could 
be  found. 

Reference  1  stated  that  the  ribs  could  emit  "acoustic  waves"  when 
"the  frequency  of  vortex  decay  at  the  end  of  the  fin  coincides  with  the 
natural  frequency  of  air  vibrations  inside  the  interim  spaces.  "  Three 
high-response  transducers  and  a  microphone  were  used  in  an  attempt 
to  measure  any  pressure  fluctuations  or  noise  in  the  diffuser;  however, 
no  evidence  of  the  acoustic  wave  phenomena  could  be  found.  The  pres¬ 
sure  variations  and  noise  were  extremely  small  unless  the  flow  was 
separated  from  the  expanded  wall. 


SECTION  V 
CONCLUSIONS 


The  following  conclusions  have  been  drawn  from  the  results  ob¬ 
tained: 

1.  Ribs  significantly  improved  the  efficiency  of  a  one  side  ex¬ 
panded,  wide  angle  diffuser  in  the  wall  angle  range  of  16  to 
22  deg  except  at  low  Reynolds  numbers  and  at  diffuser  inlet 
Mach  number  in  excess  of  about  0.  4. 

2.  The  exact  size  of  the  grooves  did  not  appear  to  be  critical. 
The  data  indicated  that  the  grooves  should  have  a  depth-to- 
width  ratio  of  2  to  6,  and  the  groove  width  should  be  varied  to 
obtain  maximum  efffciency. 
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3.  The  ribs  were  found  to  be  more  efficient  than  the  vortex 
generators  tested  except  at  low  Reynolds  numbers  for  all 
Mach  numbers  and  at  high  Mach  numbers  for  all  Reynolds 
numbers . 
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NOTE:  TEST  SECTION  WALLS,  SUPERSONIC  DIFFUSER,  AND  NOZZLE  SIDE  PLATES 
AFT  OF  STA.  -38.6  REMOVED.  FLEXIBLE  NOZZLE  SET  TO  M  =  1.5  CONTOUR. 


Fig.  2  Schematic  of  Test  Cell  and  Test  Unit  Installation 
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Test  Unit  Installed  in  Test  Cell 
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Fig.  6  Variation  of  Pressure  Efficiency  with  Reynolds  Number  and  Mach  Number 
for  the  16-deg  Diffuser  with  and  without  Ribs 
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Fig.  6  Continued 
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d.  Configuration  3 
Fig.  7  Continued 
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f.  Configuration  5 
Fig.  7  Continued 
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g.  Configuration  6 
Fig.  7  Continued 
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Fig.  9  Variation  of  Pressure  Efficiency  with  Groove  Depth-to-Width  Ratio  for  the  20-deg  Diffuser 
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c.  Vortex  Generator  Configuration  2,  d  =  22  deg 


Fig.  10  Continued 
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d.  Rib  Configuration  8 

Fig.  11  Variation  of  Pressure  Efficiency  with  Diffuser  Angle 
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a.  Vortex  Generator  Configuration  2 
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c.  Rib  Configuration  8 

Fig.  12  Variation  of  rjT/r]s  and  tj  /jjs  with  Diffuser  AngL 
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